A b s t r a c t Drug resistant tuberculosis is a serious and increasing problem worldwide, particularly in countries with a high incidence of tuberculosis and HIV infections. Resistant tuberculosis in children is usually due to the transmission of resistant strains from the environment where they live. Most often it is a transfer from the parents, or other relatives. A paucibacillary nature of the disease in children associated with difficulties in a collection of adequate sputum samples means that the samples are often microscopically negative. If the cultivation is negative, any bacteriological confirmation of the drug resistance is impossible.
INTRODUCTION
Although tuberculosis (TB) belongs to the rare respiratory diseases in Slovak Republic (SR) and SR itself belongs to countries with low incidence of TB, the incidence in other (especially Eastern European) countries is still emerging (1) . However, the mycobacterial strains resistant to various anti-tuberculotic drugs are emerging in the world. The former Soviet Union countries belong to areas where these strains appear very often. As immigrants often use Slovakia as a transit country, the problem of resistant TB strains may not be underestimated.
Drug resistance to anti-tuberculotics
The resistance of Mycobacterium tuberculosis (M. tuberculosis) to anti-tuberculotic drugs is mostly based on spontaneous genetic mutation superimposed by improper human policy. From the molecular-biological perspective, the resistance is based on gene mutations in mycobacteria, which frequently leads to a change in the target molecule associated with loosing the drug efficacy (2) .
Traditionally, patients with drug-resistant tuberculosis (DR-TB) are classified into two major groups: 1) those who have acquired drug-resistant strain from community; 2) those where drug-resistant TB has been developed due to previous tuberculosis drug therapy. Only the cases of primary drug resistance are assumed to be due to transmission of drugresistant strains (3) . A person with fully susceptible TB may develop secondary (acquired) resistance during therapy (4) . However, the clinical term "acquired" drug resistance should be replaced with the term "drug resistance in previously treated cases", which includes cases with drug resistance due to true acquisition as well as that due to transmitted drugresistant strains (3).
Classification of drug resistance Generally, the resistance to anti-tuberculotic drugs in patients with TB can be classified as follows (5):
• Mono-resistance -resistance to one of first line drugs;
• Poly-resistance -resistance to two and more drugs;
• Multi-resistance -resistance at least to isoniazid and rifampicin;
• XDR -extensively drug-drug resistant -resistance at least to isoniazid and rifampicin and to any fluoroquinolone, and to any of the three second-line injectables (amikacin, capreomycin, and kanamycin). The terms "extremely drug resistant" ("XXDR-TB") and "totally drug-resistant TB" ("TDR-TB") are used by the authors reporting on this group of patients (6) . Nevertheless, "totally drug resistant" have not been yet clearly defined for tuberculosis. While the concept of "total drug resistance" is easily understood in general terms, in practice, in vitro drug susceptibility testing (DST) is technically challenging and limitations on the use of results remain (6) . Conventional DST for the drugs that define MDR and XDR-TB has been thoroughly studied and consensus reached on appropriate methods, critical drug concentrations that define resistance, and reliability and reproducibility of testing. Data on the reproducibility and reliability of DST for the remaining second-line drugs are either much more limited or have not yet been established, or the methodology for testing does not exist. Most importantly, correlation of DST results with clinical response to treatment has not yet been adequately established. Thus, a strain of TB with in vitro DST results showing resistance could in fact, in the patient, be susceptible to these drugs. The prognostic relevance of in vitro resistance to drugs without an internationally accepted and standardized drug susceptibility test therefore remains unclear and current WHO recommendations advise against the use of these results to guide treatment (7).
Diagnosis of DR-TB in children DR -TB should be suspected in children with active TB in following situations:
• A child, who is a close contact of an DR-TB patient, • A child, who is a contact of a TB patient who died while on treatment when there are reasons to suspect that disease was DR-TB (i.e. deceased patient had been a contact of another DR -TB case, had poor adherence to treatment or had received more than two courses of anti-tuberculotics treatment), • Children with bacteriological proof of TB who are not responding to first-line drugs given under direct observation (8) . The diagnosis of TB is more difficult in children than in adults. Symptoms of TB in young children can be nonspecific, e.g. chronic cough or wheeze, failure to thrive and recurrent fever (4) . Bacteriological confirmation may be difficult to obtain because of the inability of children to generate a sputum sample, as well as the paucibacillary nature of pediatric TB and increased likelihood of extra-pulmonary TB in children (9) . While every effort should be made to establish a bacteriological diagnosis and obtain drug susceptibility testing in a child with suspected DR-TB, in practice pediatric cases are often not confirmed bacteriologically (10) . Use of scoring system that has been developed to aid screening and diagnosis of active TB is strongly recommended.
Children with DR -TB generally have primary resistance transmitted from an index case with DT -TB. Symptomatic pediatric household contacts should receive (10):
• an evaluation by a physician, including history and physical examination;
• tuberculin skin testing (TST) with purified protein derivative;
• a chest X-ray examination (computerized tomography is helpful especially in documenting hilar adenopathy); • a sputum smear, culture and DST. The bacteriological confirmation may include more aggressive measures such as induced sputum, gastric aspirate, lymph node aspirate or other relevant sample. Gastric aspirate should only be undertaken where culture facilities are available due to the low yield from microscopy and the distress involved for the children. Culture specimens need to be processed within the hour, because the acidic juices will kill the mycobacteria relatively quickly; • HIV counseling and testing (in areas of high HIV prevalence or if parent(s) known, or suspected to be HIV infected). When TST result is > 5 mm but chest radiograph and gastric aspirate or sputum smear are negative, the symptomatic child can be treated with a broad-spectrum antibiotics that is not active against TB, such as trimethoprim/sulfamethoxazole. The child should be followed closely, with evaluations including smear test and culture on samples from induced sputum or gastric aspirates, or sputum samples whenever is possible, as well as chest Xrays. The optimal frequency of these evaluations had not yet been determined. It is not clear whether the frequency of evaluation recommended for adults can be applied to children. If a child s clinical condition is highly suggestive of TB, or progressively deteriorates, empirical therapy designed according to the DTS pattern of the strain from the index case can be started (11) .
Treatment of DR-TB in children
Treatment of children with DR-TB should be guided according to the DST results (in case of successful bacteriological evidence of disease). In case of absence of bacteriological confirmation, therapy should be based on the DST pattern of contact. If DST of contact is not available, therapy can be based on the common DST patterns of resistance in the community (12) .
There is only limited experience with the use of second-line drugs for extended periods in children. The risk and benefits of each drug should be carefully considered in designing a regimen. Frank discussion with family member is critical, especially at the outset of therapy. DR-TB is life-threatening, and none of anti-tuberculotic drugs is absolutely contraindicated in children. Children who have received treatment for DR-TB have generally tolerated the second-line drugs well (13) .
Although fluoroqinolones have been shown to retard cartilage development and degenerative changes in beagle puppies, experience with the use of fluoroquinolones has not demonstrated similar effects in humans. Therefore, the benefit of fluoroquinolones in treating DR-TB in children outweighs any risk. Additionally, ethionamide, PAS and cycloserine have been used effectively in children and are well tolerated (14) .
In general, anti-tuberculotic drugs should be dosed according to the body weight. Regular monitoring of body weight (every month in neonates, later every 6 months) is therefore especially important in pediatric cases, with adjustment of doses as children gain weight. All drugs, including the fluoroquinolones, should be dosed at the higher part of the recommended ranges whenever possible, except ethambutol. Ethambutol should be dosed at 15.0 g/kg, and not at 25.0 mg/kg as sometimes used in adults with DR-TB; the reason is a worse and more difficult monitoring of optic neuritis in children (15) .
In children who are not culture-positive initially, treatment failure is difficult to assess. Persistent abnormalities on chest X-rays do not necessarily signify a lack of improvement. In children, weight loss or, more commonly failure to gain weight adequately, is of particular concern and often one of the first (or only) signs of treatment failure. This is another key reason to monitor weight carefully in children.
The situation in Slovakia The incidence of tuberculosis is decreasing during last decades in Slovakia. However, despite continual decrease of overall incidence, the number of DR-TB is increasing continuously, with occurrence of mono-resistance (mostly to izoniazid) and poly-resistance (mostly to streptomycin and isoniazid). In 2011, one case o MDR-TB was diagnosed, with M. tuberculosis strain resistant to all first-line anti-tuberculotics, kanamycine, ethionamid and cycloserine (16) . Compared to other countries in Eastern Europe, the incidence of MDR-TB in Slovakia is relatively small, similarly to Czech Republic (17) . The results of older periodic surveys showed that more than 10% of new tuberculosis cases in former Soviet Union countries are MDR-TB (18) . Although parts of Eastern Europe are clearly hotspots for MDR-TB, only 3% of all the new tuberculosis cases that arise worldwide every year are estimated to be multidrug resistant. However, the frequency of MDR-TB among previously treated cases is higher (19) .
Over the years 2010-2012, totally 47 children with TB were detected in Slovakia -only 16 cases were associated with positive results of microbiological cultivation (Fig. 1) . In this pilot study, we have retrospectively analyzed all children sputum samples from children with microbiologically diagnosed TB. The classical bacteriological analysis (culture on solid eggsbased media) was used to confirm the M. tuberculosis infection and the proportion method was applied to test its susceptibility or resistance to mostly used antituberculotics. Three cases of resistant TB in children have been diagnosed in the National Reference Center for Mycobacteria (2010 -one case, 2012-two cases). In all three cases mono-resistance to isoniazid had been confirmed, which is the most common mono-resistance. All three children with confirmed resistance to isoniazid were treated at Children Institute of Tuberculosis and Respiratory Diseases in the Dolný Smokovec. At the same time, in the National Institute of Tuberculosis, Lung Diseases and Thoracic Surgery in Vyšné Hágy have been hospitalized relatives of these children. They have been diagnosed with identical monoresistance. Despite the fact that the number of included patients is limited, it confirms the theory that resistant tuberculosis in children is generally the primary one.
CONCLUSION
Resistance to anti-tuberculotic drugs in children exists also in Slovakia. Although currently it does not represent a serious problem, the globalization increases risks of its import, especially the more dangerous forms like MDR and XDR. Resistant tuberculosis is a diagnostic and therapeutic problem not only in adults. Therefore, it is necessary to manage pediatric patients with suspected resistant TB in specialized institutions, with capabilities of the bacteriological quality diagnostics using the most advanced methods available. Furthermore, the proven resistance contacts must be taken into consideration during the diagnostic process.
